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ACENOWLEDGEMENTS AND A REVISN OF THE
WORK OF OTHZR AGRNCIES IN THLS FIZLD

Most of the infarmation concerning the radioactive contamination
levels during CASTLE test Operation were first obtained from
Dr. Dunning of the Division of Biology and Medicine of the AEC,
Be kindly transmitted to us the NYOO airplane readings of the con-
taminated islands taken by Merrill Eisenbud's unit, Dr, Dunning
also transmitted to us the JTF-7 radiological survey data and the
gamma ray readings of Rongelap, Rongerik and Alinginae which were
made by Dr, Scoville of APSWP and which helped considerably in the
final analysis of CASTLE BRAVO shot, The above information was
used to prepare a preliminary report (See Reference 6). Subsequently
most of the same data became available in the Project 2.5a report
(See Reference 12), Other persomnel who kindly furnished us basic
data were Lt Col Bormott of JTF-7 and Col Houghton of AFSWC, We
have worked closely in the past with RAND in the problem of radioac-
tive fallout up to but not including CASTLE data. At this point the
RAND and ARDC analyses vary considerably. Primarily RAND believes
that 90% of the activity in the cloud is in the mushroom and only
10% in the stem, ARDC analysis shows 80% activity in the stem and
only 20% in the mushroom most of which is non-scavengable or falls
out at much l:ter times. RAND assumes fallout originates from
100,000 ft. msl for CASTLE BRAVO, ARDC assumes that the fallout
in the first 15 to 30 hours does not come from above 60,000 ft,
The USNRDL scaling of Jangle-~Surface shot did not consider any
fallout beyond 3 to 5 miles downwind of ground zero, Within this
area only 10 to 15% of the total residual activity was deposited,
The ARDC Analysis (See Reference 1) showed that the immediate
downwind fallout reached as far as 90 miles downwind and this
fallout area accounted for approximately 85% of the total activity.
It is presumed that the NRDL scaling model will be altered to account
for this discrepancy. It appears to us that the AFSWP Report 507
adopted the NRDL scaling model for CASTLE BRAVO shot. Undoubtedly
AFSWP and NRDL have in more recent work changed their scaling model,
but such changes are not yet made known to us, The U, S, Weather
Bureau and the Air Weather Service have studied the fallout problenm
primarily from the point of view of minimizing contamination during
atomic test operations, The Arimy Chemical Corps and the Signal Corps
have also studied the fallout problem, It is clearly shown above
that at the present time the effort in this field of endeavor through-
out the Defense Department, AEC and the Weather Bureau is quite
extensive, It is hoped that &t some future date a coordinated
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ABSTRACT

1. The first shot of CASTLE Test Operation is analyzed in
detail, and this, together with Jangle-Surface shot, is used for
scaling of fallout iptepsities ani areas for yields of 1 KT to
225 MI'. A method 1s also given to predict the fallout for any
scaled height., Table I (see following page) gives the 48 hour
integrated dose in roentgens within downwind contaminated areas
in square miles for different yleld bombs exploded on the surface.
The values given in Teble I are generally much higher than the pre-
dictions made by other agencies in this field. It is possible to
determine the extent of downwind contamination for any yield bomb
detcnated at any scaled height by the use of Table II (sese follow-
ing page).

2, The offensive and defensive implication of such highly
contaminated areas are discussed., Celculstions are made on the
dosage received by aircrews accidentally penetrating young
atomic clouds from multi-megaton bombs, Estimates are given
on the contact beta hazard to the hands of malitenance personnel
from contaminsted engine perts.

3. The fallout picture is given for all of the United States
when 111 bombs of 15 megaton yield are surface detonated over
106 cities whose population is 100,000 or more and on five other
selected airbases, This is illustrated graphically in Figure
1. An inspec ion of this Figure shows that there is'no place
to hide’ in this country under above listed circumstences.
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48-hour Areas in Square Miles for the Following Yield (KT) Surface Burst Bombs *

Integrated , -

Dose in Roentgens 1.'15'1 10 100 500( 1,000 ) 5,000 | 15,000 | 45,000} 60,000 | 100,000 {225,000
13,000 0.013 0.22 | 3.18| 25 i 288 | 1,000 | 3,620 s,030 | 8,900 22,600
3,330 0.0 0.47 6.9 53 95 620 2,160 7,820| 11,000 19,200 48,800

670 0.42| 4 47 | 258| 560 | 3,060 | 10,000 | 33,000 43,600 | 76,000 | 183,020
250 0.84] 7.5 81.4] 430| 900 | 4,750 | 15,000 | 47,700] 62,200 { 106,000 | 246,000
33 1.75| 1.5 | w7 | 750 1,560 | 8,100 | 25,000 | 76,500| 100,07 | 173,000 | 41C,000
BEST AVAILABLE CcOPY
TABLE II
2 Percentage Burst Height Above Terrain
o Fallout for 15 MT Bomb
» m——
1.0 0% 5,007 feet
0.45 30% 2,000 feet
0.2 50% 1,000 feet
0.0 80% 0
- 0.1 954 = 450 feet (underground)
* For a justification of Table II, see the Appendix apd References 1
8 and 6. ‘K .
3 A= ) DATA
00 ( W/20)" )
5 500( ) Atomio 1948
g where CY¥-23676
a h = height above terrain in Cest

W

bomb yleld in kilotonn “.
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IV. Dosage to Aircrews Penetrating Young Atomic Clouds

a. During UPSROT-ENOTHOLE Atomic Test Operation, a project was
established to measure the dosage within the young atamic cloud by
means of cannisters and droned aircraft (2). The results showed that
dosage acourmlated was less than 50 roentgens for the flight of an
aircraft through a four minute 0ld cloud from a bamb of 26 KT vhen
the speed of the aircraft was 400 kmots. Dose rates within the cloud
ranged from 38,000 r/hr to 7500 r/hr when times of entry varied from
2.7 to 5.2 minutes. The average dose rete in a cloud was represented
by:

5 ,=2,06

D=1.31x10" ¢ e eeceeee-s==-Kutionl

In this equation time, t, is given in minutes after bomb detonation,
and average dosage, D, in roentgens per hour. Reference 2 indicates
that this Equation applies for the time period of 2.5 to 25 minutes
after bomb detonation, To prepare this esquation, Reference 2 used
not only the UPSHOT-KNOTHOLE, but also the GREENHOUSE data available
at the time. Recently, Plank and Steele (3) have shown that for
CASTLE data, the following relation applies:

----------------- Equation 2

Equation 2 is said to be valid for times from two hours to six hours
after bomb detonation. Using Bquation 2, Captain Steele of SWC has
shown that in order to get 170 roentgens accumilated dosage, the
cloud should not be penetrated earlier than thirty minutes after bombd
burst, if the cloud diameter or the stem diameter is ten miles in
length. Similarly, the times are 35 and 45 miputes for fifteen and
£ifty mile cloud diameters. In this analysis it was assumed that the
activity within the cloud was uniform throughout, It will be shown in
subsequent sections that for a surface burst megaton yield wveapon,
the stem may have 10 to 20 times the activity per unit volume when
compared to the specific activity of the mushroom.

b. It is our opinion that there is a good physical explanation
vhy there is a break in the curve of dosage rate with time within the
oloud, as shown in Equations 1 and 2 above., The explanation of this
phenomena 48 to be found in the fact that for surface or tower shots
considerable mmount of sand and soil debris is sucked up into the
cloud and it is eventually coated with fission products which later
£all out due to their own gravity. Colonel Pinson (2), during
Operation UPSHOT-KNOTHOLE, measured the dose rate within the cloud
vhich was burst high enough to be considered a pure air burst. Under
these circumstances, there were no active soil particles to be found
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Dosage Acoumulated in Passing through a 15MT Cloud

Different Times

TABLE III

at Different Altitudes for

Cl Penetration by an Alrcraft whose True Alr Speed 1is
400 Kato. *
Flight Time of Length of = Specific Time Spent| Gemma Maxiwum Time | Maximum Gamma
Altitude Cloud Flight Path Aotivity | 4in Cloud Dosage Spent in Dosage that
Above Penetration Through (Minutes) | Accumulated | Disorganized may be
msl in Minutes Cloud in in Cloud in | Cloud Accumulated
Thousands | after Bomb | Thousands of Roentgens Mhile in
of Feet Detonation Feet
mi tpy max D max
h ta y ;3 % D min b
1

20 68,7 17.3 1.72 75 5 220

20 22 68.7 17.3 1.72 30 10 150

20 60 68.7 17.3 1.72 10 15 60

30 30 68.7 17.3 1.72 105 5 300

30 45 68.7 17.3 1.72 40 10 g

30 60 68.7 17.3 1.72 15 15

40 30 68.7 17.3 1.72 160 5 13.38

40 45 68.7 17. 1.72 60 10

40 60 68.7 17.3 1.72 25 15 120

50 30 68,7 10. 1.72 145 5 12.00

50 45 68,7 10. 1.72 55 10 1178

50 60 68,7 10, 1.72 20 18 1

60 30 120, 0.10 3. 5

60 45 120, 0.10 3. 2 18 8

60 60 120. 0.10 3. 2 27 A

7 o 30 150. 0.05 3.72 g %8 f;

7 O 45 150, 0.05 3.7 o5 ]

7 O 60 150. 0.05 3.75 1.5 30

I
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APPENDIX

CONSTRUCTION OF FALLOUT PLOTS

A, Method of Plotting Fallout

The fallout plot or radex plot in its simplest form consists
of plotting winds from the surface up to the height reached by the
atomic cloud. The method of plotting is merely the vector addition
of winds. The winds are weighted to account for the amount of time
they spend through each layer of the atmospherg. It is assumed that
the soil particles bave a density of 2.5 gm/cm’ and that rate of
fall follows Stokes' lLaw:

agr (6,-€)

g o= ——=Fjuation 11

'T\

where

V « rate of fall

r = radius of spherical particles

m - coefficient of viscosity of air
g = acceleration of gravity
ez density of particles

el ; density of air

Although viscosity of air varies with temperature, for sake of simpli-
city, viscosity is usually assumed to be constant. Actually, an
accurate use of viscosity in the Stokes' Ejuation is not justified,
because the fallout particles are not all spherical, nor are they all
of equal density. Errors introduced by these assumptions far out-
weigh a more rigid analysis of the change of viscosity of air with tem-
perature., Also, the variation of winds aloft with time and space make
it difficult if not impossible to determine with great enough accuracy
the fallout area to justify the use of a more accurate rate of fall
formula. Reference 16 uses different rates of fall formulas for
different size particles. Although this may be justified for par-
ticles significantly larger than 100 microns and also for particles
less than 10 microns, an inspection of Table XVIA shows hat more than
50% of the total activity of a surface burst bomb is scavenged out by
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particles whose diameters are fram 20 to 100 microns. In view of
this, we neglect corrections to the simple Stokes' law., The Air
Weather Service Marmual on Pellout and Radex plots (19) and Colonel
George Taylor's method of Redex Plotting during Operation GREERHOUSE
(20) describe the method quite adequately. For the following winds
aloft information the sirple radex plot is given in Figure 1A,

Altitude in
Thousands of feet
. Above Mean Sea Wind Wind Speed
—Ievd = Direction  Jn Enots _
0 90 5
5 120 8
10 150 10
15 160 15
20 180 20
25 230 25
30 270 n
35 270 40
40 290 45
45 330 50
50 70 25
55 80 20

A spherical particle of 70 micron diameter and a density of 3 GH/EmB
will fall approximately at the rate of 6,000 ft/hr or at a rete of
1 knot. Hence, the trajectory plotted in Figure 1A shows the locus
at sea level of 70 micron particles falling from different heights,
In Figure 1A, the heights from which the particles have arrived is
listed in thousands of feet. For example, the arrow line between
roints B and C of the figure represent fallout of 70 micron particles
arriving from an altitude of 37,500 to 42,500 ft. above sea level.
Sioce Stokes' Law indicates that the fall velocity of particles is
proportional to the square of the particle radius, it is at once
evident thet 100 micron particles would fall at approximately double
the speed of 70 micron particles and similarly 140 micron particles
would fall four times as fast as 70 micron particles while 50 micron
particles fall at approximately one half the speed of 70 micron
particles. This means that from a given height, the amaller particles
would fall further away from ground zero than the larger particles,
For example, in Figure 1A, it is assumed that ground zero is at O
and & 70 micron particle originating at 42,500 ft. will arrive at
point C, hence 100 micron particles would fall at point D and 140

. micron particles at E. By utilizing this method, it is possible to
determine quite simply the complete fallout plot of any s’ -ed
particle as indicated in Figure 1B, By the use of Stokes Law

. (Equation 11) it would be simplc to find the times of fallou.. For
example, the fallout time at points C, D and E would be approximately
7, 3.5 and 1.75 hours rospectively. For greater deteils consult
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BEST AVAILA™ » ~Any Atomt DOE ARCHIV
39

CL=23676

40



st

subsequent sections of the appendix or references 19 and 20,

B, Detajled Study of Fsllout from Pirst Shot of CASTLE Test Operation
1. i L] Dj u

In order to construct correct fallout plots, sdequate winds
aloft inforsation is required before, during and after shot time,
Unfortunately, during the first shot of CASTLE Test Operation (this
wat called BRAVO shot) there were no winds available froa the shot
island., The Navy (SS Curtiss) made some winds aloft measurezents
at 8 point south of ground sero., However, at Eniwetok, Kwajalein
and Rongerik (See Figure 1, Reference Map, for locations of these
islands) routine winds aloft informstion were taken,

2. L [ S Eff
on Radex Plotting

4 study of such wind data indicates that although there was
8 time variation of the winds aloft soon after zero time, there was
no significant space variation of the winds at a given latitude,
This means that the Eniwetok, Curtiss and Rongerik winds all varled
to approximately the same degree with time, In view of this, it was
thought worthwhile to use average values of Eniwetok, Rongerik and
Curtiss winds for H-hour and Eniwetok and Rongerik wind averages for
times after H-hour. Because the correct winds aloft is the key to
the proper anaslysis of CASTLE - BRAVO shot, this wind data is given
in Tables VIII, IX, X and XI where the average H-hour, H + 2:15 hours;
H + 8:15 and H + 14:15 hour winds are listed,

BEST AVAILABLE COPY
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IABLE VII1

B-Bour Winds, Using the Average Values of
Pnivetok, Ropgerik and Curtiss Winds

—
Altitude in
Thousands of Wnd Mrecticn Wind Speed
Joot An Deproes Ao Kpots
Surface 65 15
1 75 18
2 80 17.5
3 85 16
4 90 16
5 90 12
6 90 4
7 280 5
8 300 5
9 320 8
10 310 10
12 290 9
1. 290 12
16 290 1
18 290 18
20 280 20
25 250 25
30 250 33
35 240 40
L0 240 40
45 250 40
50 250 30
55 260 12
60 330 15
65 320 3
70 80 27
75 g0 13
80 30 30
85 ‘70 47
90 70 37
95 - -
100 - -
DOE ARCHIVES
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1 290

16 300

18 300

20 300

25 300

_ 30 , 255
X 35 ; 2,0 42
40 ' 255 38
b 45 ' 250 37
50 260 30
“ 55 300 13

y 60 Calm Calm
5 65 Calm Calm
70 80 13
! 75 80 18
, 80 80 36
£5 80 13
3 N - —
; 95 -— -
100 - -
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TTARL® XT

B ¢ 14:15 Rour Winds Using the Average
Values of Eniwetok and Rongerik dinds

Altitude

Surface

FRBomuouwrwnw

Direction

80
9
100
100
100
90
100
Calm
50
280
280
300
330
320
320
300
270
260
250
240
260
280
280

8

270
Calm

888888

Speed

13
13
15
12
10
10
6
Calm
5
8
10
12
8
10
12
23
25
30
30
40
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This wind information is also plotted in Pigure 2 using simple redex
plots or simple fallout plots of the winds for 50 micron diameter
particles. An inspection of Figure 2 shows that the H-hour averape
wind plot goes approximately 20 miles NW and N of Rongelap and
approximately 40 miles North of Rongerik. The B 4 2:15 hour wind,
however, shifts 35 to 40 miles south in the area of Ailinginae -
Rongelap - Rongerik, The first temptation is to assume that if we
use the H 4 2:15 hour average winds in place of the H-Hour winds,

we get a correct fallout picture, but this is not true since such a
fallout plot does not properly account for the actual contamination
that is shown ip Figures 5 and 6, A detailed sxamination of Figures
2, 5, and 6 shows that the H 4 2:15 hour fallout plot does not
correctly taske into account the distribution of contamination on
Bikini, since according to Pigure 2, the islands in the south sector
of Bikini Atoll should all have about equal contamimation, but
Figure 6 shows that this is not true. Similarly, the contamination
patterns at Ailinginae, Rongelap, Rongerik and Bikar cannot be
Justified by the wind pattern of H 4 2:15 hours. Figures 5 and 6
were taken from Reference 12. It should be noted that the H 4 8:15
and H 4 14:15 hour average wind plots (See Figure 2) return to the
north of the islands, and appear to parallel the H-hour wind plot
more closely than the H 4 2:15 hour plots. Figure 2 shows that

the winds aloft simple radex plot ascillates consiaerably in eight
hours. In view of such a rapidly changing meteorclogical situation
it is not possible to prepare an adequate fallout plot utilizing
one set of average winds for ground gero and assuming that this
applies throughout the downwind area during the active fallout period.
As Indicated in Figure 2, there is a significant change in the winds
aloft picture within two hours after shot time, Because of this it
is mandatory to utilize a "Time Composite Radex Plot", which takes
into account the change in wind direction and speed in the down-
wind direction. The composite analysis starts at the desired
altitude and works the trajectory of a given particle to the ground.
This merely identifies the given particle size reaching the surface
from a given altitude. Uuhen such points are repeated for many
particle sizes and from all elevations of the atomic cloud, we
obtain the composite Radex Plots shown in Figure 3. Needless to say,
such a procedure is time consuming and demands accurate and complete
winds aloft information throughout the fallout area. Such inforra-
tion 1s not aveilable before the fact for operastional planning.
Certainly, we can't expect forecast winds to be so accurate

( 4 5° and § 2 Knots) within all altitudes. Hence, it is our
opinion that although it may be worthwhile to use Composite Radex
Plots for post analysis of a contaminating event, theré is mno
operational need to perform such detailed analysis before the fact,
What i1s required operationally is an indication of the correct
quadrant of fallout, and a guess as to which half of the quadrant
may receive the highest contamination. Figure 3 shows the composite
fallout plot for 50, 70, 100 and 140 micron particles., It should be
noted that this composite plot more nearly egrees with th%ﬁ“ﬂkcmvm
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contamination pattern shown in Figures 5 and 6. For sake of
simplicity, the 50 micron composite fallout of Figure 3 is plotted
separately in Pigure 4. A comparison of Figure 4 with Figure 6
shows considerable arreement between the plotted and actual contam-
ination as far as it is possible to do so with a one particle size
analysis. In subsequent paragraphs, after we have taken into
account the chance of particle size with height within the atomic

cloud, it will be shown that the Composite Radex Plot also accounts
for the contaminatiorp pattern in the islands of Bikini Atoll,

3. Assumed Activity and Particle Size Distribution Within
the Atomic Cloud at Time of Stabilization

A study of the downwind fallout fram the tower shots at
the Nevada Proving Grounds (T/S and U/K Test Operations) shows that
as the weapon yield is increased from 12KT to S50KT, the mass median
particle diameter of the active soil particles within the cloud
aerosol appears to decrease from 90 microns to approximstely 70
microns. This means that as the yield is increased (or the
scaled height is decreased) the gross particle size of the cloud
aerosol appears to decrease., However, it should be noted that the
experimental evidence in this regard is very meager, hence we
can't say with any degree of certainty that as the yield increases
the atomic particle size decreases. An inspection of the actual
contamination patterns when compared with winds aloft radex plots
shows that the soil particles in the lower half of the atomic
cloud stem appear to be significantly larger than the particles
in the upper half of the stem, and the particles within the mush-
room of the cloud are much smaller than the stem particles., 1In
this analysis, we are referring to soil particles mixed into the
fireball and sucked up into the cloud. These particles are assumed
to be coated with fission products more or less uniformly. An
analysis of Jangle-Surface fallout (See supplement to Reference 1)
shows that the average particle size distributios within the
bottom half of the cloud stem was approximately 140 microns.
Because of the inverse "filtering" action of the air, it is assumed
that the particle size within the cloud decreases with height. It
is anticipated that if a certain amount of soil is tossed into the
air, there would be a greater number of small particles at higher
elovations as compared to the particle size in lower levels, 1In
this study, it will be assumed that the particle size distribution
within a 15 MI atomic cloud at time of stabilization is as indicated
in Table XII,
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iABLE I

titude Above Mean Average par- Fumber Distribution of |
a Level in Thou- ticle Diameter Particle Sizes in Microns,
ands of Peet in Microns in Bach layer of a 15MT

1 Atamic Cloud at Time of
Stabilisation (4 minutes)

108 | 40F (40F | 10%

h (d mean) dpin {91 {92 | 9max

0 140 10 |[130 |50 | 170

5 130 100 [120 |0 | 160
10 120 9 |10 |130 | 150
15 110 g0 |10 120 | 110
20 100 70 90 |10 | 130
25 90 60 go {100 | 120
30 80 50 70 |90 | 110
35 70 40 60 | 80 | 10
40 60 40 50 | 0] %
45 50 35 45 | 65 g5
50 50 30 | 20| @] e
55 50 30 | 40 | 60| @
60 45 25 35 | 55 75
65 45 25 35 | 55 75
70 40 20 30 { 50| 7
75 30 15 20 |20} 6o
g0 20 10 | 15 | 35 50
85 10 5 7.5 25 | 35
90 10 5 5 20 30
95 10 5 5 |10} 1s
100 10 5 5 |10 15
110 10 5 5 |10] 15
120 10 5 5 |10 15

The percentage activity in each layer of a 15 MT atomic cloud at time °
of stabilization (4 minutes after bomb detonation) may be expressed by
the following relation:

PA=ka®t? oo Fquation 12

Where : .
PA = Residual radioactivity on a particle (Percentage)

= diameter of particle

DOE ARCHIVES
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